Every 3 mo for a 2-yr period, two weaned Holstein steer calves (94.5 kg) were randomly assigned to each of four slaughter age groups (3, 6, 9, and 12 mo). Urea dilution was performed before slaughter, and urea space ( U S ) was calculated as total volume and as a percentage of body weight (BW) and empty body weight (EBW). The relationships between US (kg, % EBW and % BW), BW, and EBW and carcass soft tissue composition (protein, fat, moisture, and ash) were studied. One-and two-pool models were fitted using the urea dilution data and the coefficients of those equations (zero time, A + B), and the intercepts of compartments A and B were used to estimate body volume. Body weight and EBW effectively predicted the amount of water, fat, and protein in the carcass soft tissue. Equations expressed in kilograms were more accurate than those expressed as percentages. Urea space overestimated body water, probably because of the fast rate of urea disappearance in plasma. Correlation coefficients between US and carcass soft tissue water (kg) based on the pooled data ranged from .74 at 6 min to .48 at 42 min after infusion. The biexponential models coefficients explained more of the variation of carcass soft tissue composition than US; correlation coefficients using volume B and the soft tissue composition (in kg) with pooled data were .78 (water), .68 (fat), .69 (ash), and .76 (protein). The relationships between A and soft tissue composition were weaker (water .59, fat .51, ash .58, and protein .59). The highest correlation coefficients were obtained when A + B was used for water, fat, ash, and protein (.83, .70, .74, and .81, respectively). Equations combining BW, EBW, and two-model coefficients (A, B, A + B ) explained much of the variation of soft tissue composition. No significant benefit was found in using the urea space at various times after infusion over BW or EBW alone to estimate carcass soft tissue composition in Holstein steers.
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Introduction
Various methods for estimating body composition of live animals have been developed, including use of live animal measurements, ultrasound probes, and dilution techniques. Each of these techniques has produced satisfactory results under specific conditions; however, each suffers from distinct disadvantages such as high operating cost, extended experimental periods, poor accuracy and reliability, or lack of usefulness for application under practical conditions (Kock and Preston, 1979) .
Dilution techniques, based on the constant relationship between proportion of water in the fat-free empty body weight ( EBW) , show promising accuracy and reliability required by researchers (Shebaite, 1977) . Tritiated water (Searle, 1970) and D 2 O (Byers, 1979) have been used to estimate body water and thus body composition in live animals. Both methods require several hours to determine body water turnover rate, which is used to estimate initial body water volume and body composition. Urea was shown to be a suitable marker for estimating body composition (San Pietro and Rittenberg, 1953) . Preston and Kock (1973) , Kock and Preston (1979) , Meissner et al. (1980) and Hammond et al. (1984) have published numerous equations for prediction of empty body water derived from urea dilution in beef cattle. Results from these studies suggest that the urea dilution technique is suitable for prediction of empty body water in beef steers (Rule et al., 1986) . Swartz et al. (1991) used this technique on young Holstein calves to estimate whole carcass composition but found it to be no better than weight as a predictor.
However, the usefulness of urea dilution for estimation of carcass soft tissue composition in growing and finishing cattle remains to be demonstrated. Therefore, the objective of this study was to evaluate the usefulness of this technique in estimating carcass soft tissue composition in Holstein steers at 3, 6, 9, and 12 mo of age.
Materials and Methods
Animals for this experiment were obtained from a performance study in which management and feeding information were described (Velazco, 1991) .
Urea Space Determination. Feed was withheld but
water was available for 24 h before the urea dilution was performed. Urea dilution was performed 1 d before slaughter in the 6-, 9-, and 12-mo-old groups and 3 d before slaughter in the 3-mo-old group. Animal weight was determined 10 min before the urea was administered. The technique used was described in detail by Preston and Kock (1973) . In brief, 1.57-mm diameter polyethylene tubing (Clay Adams, PE 205) was used to make the catheters. A 12-gauge needle was inserted into the jugular vein, and a catheter was introduced through the needle. The needle was then removed, and the catheter was firmly taped to the neck and closed with a three-way stopcock. A 15-mL blood sample was taken and placed into a plastic tube containing 30 mg of sodium oxalate. The catheter was then flushed with heparin solution (100 heparin units/mL, .1% benzyl alcohol, and .9% sodium chloride). A solution containing 20% urea dissolved in .9% saline was infused through the catheter over a 2-min period. The volume injected was calculated to provide 130 mg urea/kg body weight. The catheter was flushed with 5 mL of heparin solution after the infusion and after each sample. Zero time was defined as the end of the 2-min period. Samples were obtained at 0, 3, 6, 9, 12, 15, 18, 21, 42 , and 64 min after the infusion. Thirty seconds before each sampling, 10 mL of blood was taken and discarded to ensure that the heparin solution contained in the catheter did not dilute the sample.
The blood was kept at room temperature before centrifugation for 20 min at 2,460 × g, and plasma was removed and frozen at −20°C until analysis. Plasma urea concentration (PUC) was determined by the Technicon Analyzer II (Marsh et al., 1965) . The coefficient of variation between determinations of the same sample was less than 1%, as recommended by Preston and Kock (1973) . The solution used for infusion was also analyzed for urea concentration.
Urea space ( US) was calculated as a percentage of BW and EBW using the following formula (Bartle et al., 1983) :
where V is the volume infused, C is the concentration of the urea solution, D-PUC is the difference in PUC before and after the infusion, and BW is body weight or empty BW. Omitting BW in the formula results in calculation of urea space volume. A density factor (.99299 L/kg, density of water at body temperature) was used to convert liters to kilograms. Urea space was calculated at 0, 3, 6, 9, 12, 15, 18, 21, 42 , and 64 min after infusion.
Carcass Measurements. Animals were slaughtered at the abattoir of Kansas State University by stunning with a captive bolt followed by exsanguination. Animals were divided into carcass and non-carcass fractions; weight of these parts was recorded. Contents of gastrointestinal tract and bladders that were not a part of the empty body were determined by the difference between weights before and after washing.
Carcasses were split longitudinally and chilled at 2°C. Cooler shrinkage was assumed to be water loss. The right side of the carcass was physically separated into soft tissue and bone. Soft tissue was ground and mixed for 3 min and then frozen at −40°C until analysis. The ground samples were separated into 1-cm 3 squares, submerged in liquid N 2 to stabilize the temperature, then placed into a metallic blender containing liquid N 2 and ground to powder form. Liquid N 2 was allowed to evaporate before protein, fat, water, and ash contents of the soft tissue were determined. Proximate analysis of the carcass soft tissue was determined by AOAC methods (AOAC, 1990) . Crude protein ( N × 6.25) was determined by the micro-Kjeldahl method, fat by ether extraction with a Soxhlet apparatus, and ash by conventional combustion methods (AOAC, 1990) .
Statistical Methods. Correlation coefficients between urea space (kg, % EBW and % BW) and carcass soft tissue composition (protein, fat, moisture and ash, expressed in percentage of the total matter and in kilograms) were calculated for the four age groups (pooled data) using PROC CORR (SAS, 1985) . Partial correlation coefficients between US and carcass soft tissue composition ( STC) were calculated for each age group by excluding age and weight with the PARTIAL statement of PROC CORR (SAS, 1985) . Simple and multiple regression analyses were performed by the general linear models procedure of SAS (1985) to develop equations for prediction of STC from US expressed in kilograms, percentage of EBW, and percentage of BW. Independent variables in the model were BW (24 h feed deprived), EBW, US % BW (calculated for each time-sample), US% EBW, and US in kilograms. Dependent variables studied were car- cass protein, fat, water, and ash, expressed both as a percentage of EBW and in kilograms. The STEPWISE procedure (SAS, 1985) was then used to study the effect of additional variables in the model on the coefficient of determination ( r 2 ) . One-and two-pool models were fitted by PROC NLIN of SAS (1985) , using time as an independent variable and D-PUC concentration as the dependent variable. Mono-and bi-exponential equations were obtained for each animal, and the average of the coefficients was pooled to obtain one set of equations for animals at 3, 6, 9, and 12 mo of age. These equations were as follows:
where D-PUC = plasma urea concentration (mg/dL); k = slope (mg·dL −1 ·min −1 ) ; t = time after infusion (min); and A = D-PUC at zero time, extrapolated from first pool.
Biexponential (two pools): D-PUC = A e −k 1 t + B e −k 2 t where k1 = slope first pool (mg·dL −1 ·min −1 ) ; k2 = slope second pool; A= D-PUC at zero time, extrapolated from first pool; and B = D-PUC at zero time, extrapolated from second pool.
Zero time concentration was estimated by the addition of the coefficients of the two-pool equations ( A + B). Additionally, each coefficient ( A and B ) was used to obtain individual estimates of zero time concentration. These three parameters were used to calculate total body volume by dividing the total dose by the zero time concentration (Shipley and Clark, 1972) and then used as independent variables along with STC data to develop linear equations.
Results and Discussion
Carcass Soft Tissue Composition. Animals grew in a linear pattern ( r 2 = .99) from 3 to 9 mo of age and then at a decreased rate from 9 to 12 mo (Table 1) . Consequently, the change in the proportion of soft tissue in the carcasses was smaller ( P < .05) for steers during the last period of growth. An increase in the fat content of the soft tissue during the last period from 18.2 to 24.6% was coupled with a substantial decrease in the percentage of carcass soft tissue protein.
However, fat percentage of the 12-mo-old age group was smaller than values reported by Ainslie et al. (1992) . In their study, the carcass fat content varied between 32 and 34.4%, whereas protein content varied from 14.4 to 15% (lower than those reported herein) in Holstein steers with similar final weights (519 to 578 kg); differences in composition between the studies might have been due to the feeding systems applied and the final slaughter age. Perry et al. (1991) reported carcass fat percentage of 30.7 in Holstein steers with a final weight of 512 kg. Composition data were used to calculate fat-free components; water percentage declined from 73.83% to 62.51, 51.37, and 43.58% for 6-, 9-and 12-mo-old animals, respectively. Protein content also presented a rapid decline from 20.16% at 3 mo to 18.04% at 6 mo, 14.97% at 9 mo, and 12.74% at 12 mo of age. Empty BW, expressed as a percentage of BW, increased from 89% at 3 mo of age to 93, 93, and 94% at 6, 9, and 12 mo, respectively. The proportion of gut fill in relationship to BW remained constant, possibly because of the low roughage content of the diet. Cold carcass weight, as a percentage of BW, was 48% at 3 mo and increased to 53, 57, and 59% at 6, 9, and 12 mo of age, respectively. These measurements described a linear growth of bone and muscle tissue in relationship to the whole body from 3 to 9 mo and a reduced growth rate from 9 to 12 mo. Furthermore, bone to soft tissue ratio changed from .49 at 3 mo to .31 at 12 mo, indicating that soft tissue growth was faster than bone growth during this period. Water and protein content of the soft tissue decreased as animals became older. Nevertheless, water to protein ratio remained relatively unchanged from 6 to 12 mo, because water content decreased more than protein content, largely the result of fat content increasing almost 10-fold. The ash content in soft tissue tended to decrease as animals aged; however, the ash contents in soft tissue of 9-and 12-mo-old steers were similar. The carcass soft tissue composition expressed as fatfree basis was 77.8% water and 21.3% protein at 3 mo, 76.8% water and 22.2% protein at 6 mo, 76.8% water and 22.4% protein at 9 mo, and 76.7% water and 22.4% protein at 12 mo.
Relationship of Body Weight and Empty Body Weight with Carcass Soft Tissue Composition. Linear equations
were developed to predict carcass soft tissue water, protein, fat, and ash from BW and EBW. Equations (expressed as both a percentage of soft tissue and in kilograms) for estimating the carcass soft tissue components from BW are presented in Table 2 . Equations developed with the pooled data produced higher coefficients of determination ( r 2 ) and generally smaller model SE than any of the age groups individually. The pooled models to predict contents of water, protein, and ash resulted in higher r 2 when expressed in kilograms than as a percentage of soft tissue. Equations for water estimation (kg) for the 6-and 9-mo-old groups had r 2 = .87 and .91, respectively, as compared with .43 and .25 calculated for the 3-and 12-mo-old groups, respectively. Similar results were observed for protein equations (kg). The pooled equations for prediction of kilograms of water and protein explained 97.2 and 95.9% of the variation, respectively. Negative slopes in the equations for percentage of water indicated the tendency of the carcass soft tissue to have proportionally less water as the animals aged. Further, the positive slopes of the equations for estimating kilograms of water established that, although the percentage of water decreased, the total amount of water increased as animals became older. Body weight did not accurately estimate the ash content in soft tissue, except that the pooled equation for ash (kg) accounted for 75.2% of the variation. Body weight effectively predicted the amount of water and protein in the carcass soft tissue when the pooled data were used. Swartz et al. (1991) found similar results in predicting whole-carcass protein and fat in young Holstein calves, although their calves were deprived of feed for 12 h before the determination of urea space. Table 3 presents similar equations calculated for EBW. In general, equations obtained for EBW and composition were similar to those for BW. Gut fill has been reported to introduce substantial variability in regression models for prediction of body composition (Preston and Kock, 1973) . However, the exclusion of that source of variation did not improve the coefficient of determination for the equations. Perhaps the period of feed deprivation and the low level of roughage of the diets accounted for this effect. Equations for individual age groups had lower r 2 than those for the pooled data. Both BW and EBW were not good predictors of carcass soft tissue composition within age groups.
Urea Space and Carcass Soft Tissue Composition.
Initial means and standard errors for plasma urea concentrations (PUC) of 3-, 6-, 9-, and 12-mo-old animals were 23.44 ± 1.13, 23.61 ± 1.11, 21.91 ± 1.7, and 17.31 ± 1.31 mg/dL, respectively (data not shown). Plasma urea concentration declined rapidly after the infusion, and the differential D-PUC (PUC after infusion minus initial PUC) became very small, relative to the numerator of the US formula, within the first 6 min after the infusion. The small number in the denominator of the formula resulted in a rather large US, with many animals exhibiting US values exceeding their BW. Carcass soft tissue composition data were used to estimate correlation coefficients ( r ) with US at 0, 3, 6, 9, 12, 15, 18, 21, 42 , and 64 min after infusion. Only highest r values resulted for individual age groups are discussed in this section. Coefficients from the 3-mo-old group for water and protein expressed in kilograms and US at 0 min (kg) were .73 and .78, respectively. When STC was expressed as a percentage, r values were lower for both water (.42, US 9 min) and protein (.64, US 9 min). For the 6-mo-old group, correlation coefficients using water, fat, and protein (expressed in kilograms) and US at 3 min (kg) were .56, .57, and .66, respectively. Correlation coefficients were −.46, .41, and .12 for water, fat, and protein, respectively, when STC was expressed as a percentage. Maximum r values within the 9-mo-old group for STC (expressed as a percentage) and US were found between 0 and 9 min after infusion; none of the coefficients was higher than .34 and all had negative signs. Water, fat, and protein (kg) and US (kg) obtained r values of .46, .28, and .58, all at 3 min after infusion. The three groups discussed (3-, 6-, and 9-mo-old) obtained the highest r values before 9 min after infusion. The 12-mo-old group resulted in lower r values (<.37 for STC both as a percentage and in kilograms) than the other groups; maximum correlation coefficients were found at 18, 21, and 64 min after infusion. It is possible that in the younger (leaner) animals, urea equilibrated faster (before 9 min) with body water than in older (fatter) animals, explaining the appearance of maximum r values at different times after infusion.
For the pooled data, values became much higher than BW when US was calculated using the 42-and 64-min samples. Correlation coefficients (data not shown, P = .001) between US and kilograms of water in carcass soft tissue ranged from .74 at 6 min to .48 at 42 min. Kock and Preston (1979) reported that correlation coefficients between US and body water were highest at 12 min. The correlation coefficients in this study did not show any particular pattern after the infusion.
Urea space had higher correlation coefficients with protein when expressed in kilograms than when calculated as a percentage of the total carcass soft tissue (data not shown). Correlation coefficients for US and kilograms of protein in carcass soft tissue ranged from .71 at 6 min to .47 at 42 min.
Calculating US as a percentage of BW or EBW did not increase correlation coefficients for any of the carcass soft tissue components. These results were expected, considering the large values obtained when US was calculated. Series of equations were calculated using the STEPWISE procedure of SAS (1985) . Results indicated that the addition of US at any given time did not improve those models using BW and EBW alone, because its total maximum contribution to r 2 was .02. Thus, the usefulness of US in estimating carcass soft tissue composition, as recommended previously by Preston and Kock (1973) , is questionable with this type of animal. After this experiment was concluded, Swartz et al. (1991) published a study on the effect of dietary protein degradability on carcass composition; US was shown to be of little value for predicting whole-carcass protein and fat in 25-wk-old steer and heifer calves.
Possible explanations for the fast disappearance of urea from the blood may be 1 ) kidney excretion of both ammonia and urea, 2 ) transference of urea to salivary glands and to the rumen via saliva, or 3 ) diffusion of urea through the rumen wall. The ammonia concentration in jugular plasma was monitored, and no increase in ammonia concentration was found at any time after the infusion. If urea was transferred to the rumen, it must have been utilized by microorganisms as quickly as it was being hydrolyzed by urease activity. Although animals were deprived of food for 24 h before the urea dilution was performed, apparently enough available energy remained in the rumen to make use of the ammonia being released. Ammonia being transported to the liver was probably converted back to urea, and recycled back to the rumen via saliva. Although ruminal pH may affect the migration of ammonia through the rumen wall, the most likely explanation for the absence of ammonia in jugular blood is hepatic conversion to urea and subsequent salivary withdrawal and ammonia uptake by the brain. Davodovich et al. (1977) found a marked difference in ammonia concentrations in carotid and jugular blood, suggesting that the brain takes up ammonia rapidly. A series of physiological events must have occurred after the infusion that cannot be explained by sampling jugular blood. Future research should include sampling of carotid artery blood to evaluate the withdrawal of urea by salivary glands. During the urea dilution procedure, we commonly observed animals profusely salivating, urinating, and producing tears. The amount of urea being excreted should be established for young, lean cattle. The metabolism of urea could be different in fast-growing calves than in older ruminants, because D-PUC and protein deposition decreased as animals became older.
Biexponential Model Results. Monoexponential (one pool) models were computed for each animal but did not explain the variation of STC, obtaining a maximum r 2 = .49 and a minimum of .28. Therefore, biexponential equations (two pools) were fitted for each animal, and an average of the coefficients and slopes resulted in the following equations: The coefficients of determination were calculated with the average values of the residual sum of squares and the corrected total of the sum of squares. The coefficient of the first component of the equation decreased as animals grew older, except for the 12-mo-old group. That group had the largest variation in fat content of the soft tissue, which caused the individual models to have a broad range of intercept values. The intercept of the 12-mo-old group did not follow the declining pattern, possibly because the great variability of values resulted in a mean intercept off the normal pattern. The slopes of the first compartment decreased as age increased from 3 to 6 mo, increased at 9 mo, and finally decreased at 12 mo of age. This parameter is an indication of mixing of the urea with the blood pool (Bartle et al., 1987) . The coefficient of the second compartment may explain the equilibration of urea with body water (Bartle et al., 1987) . Although the models obtained a high coeffi- cient of determination, the results for the second compartment slopes failed to present a particular trend that might assist in the explanation of equilibration of urea with the body water. The 3-mo-old group had a slope value of almost 1/10 of those for the 6 and 9-mo-old groups. However, the slope for the 12-mo-old group was much smaller than those of the other three groups. Because changes in composition were clear, it might be expected that the slope of the second compartment would follow a distinctive trend, and this was not the case. Intercept values, as well as slopes, resulted in inconsistent patterns. Pool 1 intercepts ( A ) should present decreasing values as animals aged; however, the intercept for 12-mo-old calves was located between the values for the 3-and 6-mo-old calves. Furthermore, pool 2 intercept should show some increasing value with age (or fat content), but the data are inconsistent (26.5, 32.1, 30.1, and 30 .0 mg/dL, respectively). Extrapolation to calculate concentration of urea at zero time ( A + B ) was achieved by addition of the coefficients of the two compartments. Zero time ( A + B ) intercepts resulted in the same erratic pattern as for pool 2 (85.8, 69.1, 66.6, and 78 .1 mg/dL, respectively). Although a biological explanation for these results is not available, herein is a possible explanation for the low relationship between US and body composition.
Coefficients of the first (A), second compartment (B), and A + B were used to calculate pool volume (dividing the dose by these concentrations). These three parameters were used to calculate correlation coefficients with carcass soft tissue components. Correlation coefficients using volume A and the STC (kg) with pooled data were .66 (water), .51 (fat), .57 (ash), and .65 (protein). The relationships between volume B and STC (kg) were weaker (water .59, fat .48, ash .51, and protein .57) . The strongest relationships were obtained by volume A + B and STC (kg) with the pooled data (resulting in water . 79, fat .62, ash .70, and protein .76) . A similar effect was observed with the 3-mo-old group when volume A + B was used to estimate correlation coefficients. However, r values higher than .5 were observed for only water (.73) and protein (.77) (fat .33 and ash .29). Volume A + B did not improve correlation coefficients with STC, in the 6-, 9-, and 12-mo-old groups. The highest correlation coefficients obtained for the 6-mo-old group were found for volume B and STC (kg, water .60, fat .51, ash .59, and protein .64) . Correlation coefficients for the 9-and 12-mo-old groups did not exceed .50, using volume A, B, or A + B. This may suggest that as animals grew older, the estimation of STC with urea volumes A, B, and A + B became more inaccurate. Correlation coefficients for the 9-and 12-mo-old Table 6 . Equations relating carcass soft tissue fat (as a percentage of soft tissue and in kilograms) and body urea volume calculated using intercepts A, B, and A + B a a Equations presented are those with r 2 > .50. b Age group ( P = pooled across 3, 6, 9, and 12 mo). groups were close to zero, and some resulted in negative numbers. Correlation coefficients for STC ( % ) and volume A + B, with the pooled data, were negative (water −.69, fat −.7, protein −.57). Similar results were found for volume A and B with the pooled data, and protein ( −.57) in the 3-mo-old group. Equations relating body urea volume using intercepts A, B, and A + B and carcass composition were calculated using the STEP-WISE procedure of SAS (1985) . The addition of BW or EBW considerably enhanced the models. Tables 4 through 7 present equations that resulted in coefficients of determination higher than .5 for carcass water, protein, fat, and ash, respectively. Carcass water was best estimated when expressed in kilograms. The highest coefficient of determination was .97, obtained by each model that included A, B, or A + B volumes and BW or EBW. Coincidentally, all these models obtained similar SE, indicating that perhaps the accuracy of the models was enhanced by the addition of BW or EBW. The inclusion of A, B, or A + B to BW increased the SE from .39 (Table 2, (Table 4) . Similarly, the inclusion of volumes A, B, or A + B to EBW increased the SE from .41 (Table  3 , pooled equation for water, kg) to .90, .87, and .88, respectively (Table 4) . Volume A + B and EBW explained 97% of the variability in water content (kg), and 85% when water was expressed as a percentage of soft tissue. Similar results were found by the protein, fat, and ash models. The inclusion of A, B, or A + B either reduced the coefficient of determination or increased the SE, and in some cases both effects were observed. Comparable to water equations, protein, fat, and ash were best estimated when expressed in kilograms, obtaining higher coefficients of determination. In general, volume A + B seemed to be more effective for prediction of carcass soft tissue protein and fat (kg) than volumes A or B. Equation for prediction of carcass soft tissue ash ( % ) had r 2 consistently lower than .5 and were not included in Table 7 , indicating that prediction was better when no unit transformations were made. Maximum r 2 for ash (kg) prediction was .76, obtained by both models, volume A and BW and volume B and BW, using the pooled data.
Implications
No added benefit was found in using urea dilution technique over body weight or empty body weight alone to estimate carcass soft tissue composition in Holstein steers. When zero time plasma urea concentration were calculated using the biexponential equation ( A + B), it was apparent that there was an increase plasma urea concentration from 3 to 12 mo of age. Values for 6 and 9 mo were erratic and unrealistically low, however, and we do not have a reasonable explanation. This may be the main source of the problem in the poor relationship between urea space and carcass soft tissue composition.
